16. SITE 460: INNER WALL OF THE MARIANA TRENCH!

Scientific Shipboard Party?

HOLE 460

Date occupied: 4 May 1978

Date departed: 6 May 1978

Time on hole: 52.4 hours

Position: 17°40.14'N; 147°35.92'E

Waler depth (sea level; corrected m, echo-sounding): 6452
Water depth (rig floor; corrected m, echo-sounding): 6462
Bottom felt (m, drill pipe): 6461.5

Penetration (m): 85

Number of holes: 1 of 2

Number of cores: 9

Total length of cored section (m): 85

Total core recovered (m): 27.21

Core recovery (%): 32

Oldest sediment cored:
Depth sub-bottom (m): 76
Nature: calcareous and crystal vitric mud
Age: Eocene
Measured velocity (km/s): 1.57

HOLE 460A

Date occupied: 7 May 1978

Date departed: 9 May 1978

Time on hole: 61.0 hours

Position: 17°40.02°N; 147°35.16'E

Water depth (sea level; corrected m, echo-sounding): 6445
Water depth (rig floor; corrected m, echo-sounding): 6455
Bottom felt (m, drill pipe): 6453.5

Penetration (m): 99.5

Number of holes: 2 of 2

Number of cores: 11

Total length of cored section (m): 99.5

! Initial Reports of the Deep Sea Drilling Project, Volume 60.

Donald M. H g (Co-Chief Scientist), Hawaii Institute of Geophysics, Honolulu,
Hawaii; Seiya Uyeda (Co-Chief Scientist), Earthquake Research Institute, University of
Tokyo, Tokyo, Japan; René Blanchet, Université de Bretagne Occidentale, Brest, France;
Ulrich Bleil, Institut fiir Geophysik, Ruhr Universitit, Bochum, Federal Republic of Ger-
many; C. Howard Ellis, Marathon Qil Company, Denver Research Center, Littleton, Col-
orado; Timothy J. G. Francis, Institute of Oceanographic Sciences, Surrey, United Kingdom;
Patricia Fryer, Hawaii Institute of Geophysics, Honolulu, Hawaii; Ki-lti Horai, Lamont-
Doherty Geological Observatory, Palisades, New York; Stanley Kling, Marine Life Research
Group, Secripps Institution of Oceanography, La Jolla, California (present address: 416 Shore
View Lane, Leucadia, California); Arend Meijer, Department of Geosciences, University of
Arizona, Tucson, Arizona; Kazuaki Nakamura, Earthquake Research Institute, University of
Tokyo, Tokyo, Japan; James H. Natland, Deep Sea Drilling Project, Scripps Institution of
Oceanography, La Jolla California; Gordon H. Packham, Department of Geology and Geo-
physics, University of Sydney, Sydney, N.S.W. Australia; and Anatoly Sharaskin, Vernadsky
Institute of Geochemistry, U.S.S.R. Academy of Sciences, Moscow, U.5.5.R.

Total core recovered (m): 36.68
Core recovery (%): 37

Oldest sediment cored:
Depth sub-bottom (m): 36.5
Nature: redeposited calcareous and vitric mud
Age: Pleistocene with reworked Cenozoic and Cretaceous fossils
Measured velocity (km/s): 1.59

Principal results: Holes 460 and 460A—Site 460 is located in a small
sediment pond deep on the inner (arc-side) wall of the Mariana
Trench. Penetration was 85.0 meters with a 32 per cent core
recovery rate at Hole 460, and 99.5 meters with a recovery of 37
per cent at Hole 460A. The 76 meters of sediments cored at Hole
460 are Pleistocene diatomaceous ooze and siliceous mud, un-
derlain by calcareous mud and vitric mud of Eocene to Oligocene
age.

At Hole 460A, similar Pleistocene sediments are underlain by

reworked sediments with a mixture of ages including all the

Cenozoic and Cretaceous. The deepest sediments are early Mio-

cene or late Oligocene conglomerates.

In both holes there are cobbles of basalts, altered basalts, and
metabasalts in the sediments and possibly occurring as talus below
them, The metabasalts contain amphibole and quartz but are not
foliated. They thus resemble some amphibolite facies ocean-floor
metabasalts.

BACKGROUND AND OBJECTIVES

Site 460 (SP-2B) is located deep on the inner (island
arc-side) wall of the Mariana Trench (Fig! 1). It is the
third of the series (Fig. 2) of holes between the trench
axis and the volcanic arc with background and objec-
tives that were described in the chapter on Mariana fore-
arc Background and Objectives. Only comments specif-
ically appropriate to Site 460 will be discussed in this
section,
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Figure 1. Location of Site 460 (O) and the other sites drilled during
Leg 60.
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Figure 2. Bathymetry around the region of Site 460. Contour intervals 200 meters (corrected).

There are a large number of geophysical profiles
across the Mariana Trench, particularly near the 18°N
transect region. A common observation of all these pro-
files is that there is very little sediment, either in ponds
or draped down the slope, on the inner trench wall.
There are also no sediments ponded in the trench axis.
The single dominant criterion for selection of a drill site,
therefore, was to locate sediment for spudding-in (at-
tempting to touch down on what could be, based on the
dredging in the area, a rock outcrop with a general 9°
slope, is considered hazardous to the drill string).

The site surveys located only three potential sediment
ponds below a depth of 5500 meters on the trench wall
(Hussong and Fryer, this volume) (Fig. 2):

1) 17°47.5’N, 147°39.0'E is a large pond with at
least 200 meters of sediment, but it is at a water depth of
over 7200 meters, which with the pipe string limit of
7427 meters would not provide enough useful penetra-
tion to satisfy the hole objectives;

2) 17°52.5'N, 147°38.0'E is at a depth of about
6300 meters, which is shallow enough to leave pienty of
pipe for penetration, but is really only a re-entrant in the
wall with relatively flat bottom where sediment might be
located (an appreciable thickness of sediment was not
actually observed during the site survey by the Hawaii
Institute of Geophysics); and

3) 17°39.5'N, 147°35.0"E at a depth of 6460 meters,
where one Hawaii Institite of Geophysics profile (Fig. 3)
indicates some ponded sediment.

The second pond was chosen as SP-2B because it was
closer to the center of the 18°N transect, and thus had
more concentrated survey work in its vicinity. The third
(southern) site was an alternative drill target, but was
eventually chosen as Site 460 for logistical reasons that
are described in the Operations section of this site
report.

None of these trench wall sites has associated gravity
or magnetic anomalies. Refraction data on the trench
wall are unreliable because of the large topographic cor-
rections required during interpretation, but they gener-
ally indicate velocities of slightly less than 4 km/s for
the first kilometer sub-bottom.

The primary objective of Site 460 is, of course, to
determine the nature of the rocks and sediments that are
in an almost completely unknown geologic environ-
ment. It has been speculated that the inner wall of the
Mariana Trench could be almost anything from an ac-
cretionary wedge of upthrust oceanic crust material to
an eroded margin of an old island arc. Based solely on
the suite of rocks dredged off the trench wall, it is likely
that it constitutes some combination of these two ex-
treme models.

In addition to such general questions, this site war-
rants particular attention to clues as to its tectonic
evolution, such as:

1) signs of excess water content in the section that
might result from ocean-crust water percolating back up
from the subducting slab;
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SITE 460

2) overpressuring of sediments, and indications of
relatively high pressure metamorphism that would tell
us the past depth of burial of recovered core material;

3) types and degree of fracturing of rocks and lithi-
fied sediments; and

4) repeated sections and other indications of various
types of faulting and slumping.

OPERATIONS

Site 460 (SP-2B) was originally to have been located
in a small re-entrant in the trench wall near 17°52.5'N,
147°38.0’E, at a depth of about 6300 meters. The site
was chosen because site selection surveys had mapped
the relatively flat bottom of the re-entrant, and the in-
terpretation of a nearby multichannel seismic line in-
dicated that there were sediments in the re-entrant.
When we arrived at the site, however, we were unable to
locate any sediments with either the 3.5-kHz or the air-
gun reflection seismic system, The extremely long drill
string that would be required at this site forced us to be
particularly careful to find some sediments for spud-
ding-in. After crisscrossing the area for several hours
without finding sediments, this site was abandoned and
we moved south to the alternative SP-2B target (see
Background and Objectives section, this chapter). A
sediment pond was located there (Fig. 4), and a 16-kHz,
double-life beacon was dropped on the first pass over
the pond (corrected depth from PDR: 6462 m). The
Challenger then made several additional passes over the
area to determine the shape of the pond (which actually
seems to be the head of a canyon feature in the trench
wall). Based on these surveys, we offset to the center of
the pond (1800 ft. west and 300 ft. south of the beacon)
when the sediment thickness was estimated to be at least
30 meters (based on the 3.5-kHz profile, Fig. 4). We
rigged the standard 120-meter bottom-hole assembly
with a F93CK bit, and began running a pipe at 0006
local time on 5 May 1978. Spud-in was at 0953 local
time in 6451.5 meters of water. The coring summary
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Figure 4, Portion of Glomar Challenger 3.5-kHz record over Site 460,
showing sediments in a small pond on the arc-side trench wall of
the Mariana Trench. The beacon location is indicated.
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and drilling rates are given in Table 1 and Figure 5A,
respectively.

After the mudline core all cores required rotation,
and by Core 6 (which was full of gravel) we were ex-
periencing torquing of the drill string. After Core 6 (to
57 m sub-bottom), 20 barrels of mud were circulated in
an attempt to clear the drill hole. This provided only
temporary relief; Cores 7, 8, and 9 again took over 40
minutes each to cut, and torquing increased with each
core, After Core 9 was retrieved, the bottom of the hole
filled in 6 meters. When the bit was lowered, it had to be
rotated for over an hour just to get to the top of the next
coring interval. When trying to core what should have
been the interval for Core 10, over an hour of rotation
produced no penetration. The decision was then made
to abandon the hole, and the drill string was pulled
above the mudline. When the sandline was subsequently
lowered to retrieve the core, we found that there was no
core barrel in the drill string. Pumping tests then in-
dicated no back pressure from the bit, so apparently
some portion of the bottom-hole assembly and the inner
barrel were gone. This was likely the cause of our inabil-
ity to cut Core 10.

The drill string was brought up and was aboard at
0000 on 6 May 1978. The bit had released by an ap-
parent malfunction of the bit release sub-assembly.

The bottom-hole assembly was rebuilt (again as a
standard 120-m system with a F93CK bit), the Chal-
lenger offset to the Site 460 beacon was changed to
950’W and 400’S, and we started back down for Hole
460A at 0345 local time on 6 May. It should be noted
that even though we moved east from Hole 460 to Hole
460A, the satellite navigation positions for the two holes
suggested that Hole 460A is west of Hole 460. This ap-
parent inconsistency reflects the inaccuracy of the
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satellite navigation position; we were on site for a short
time and received few fixes.

The corrected PDR depth at the second hole was 6455
meters. The spud-in depth (at 1549 local time) was
6453.5 meters, which is a depth of 6443.5 meters below
the sea level. The coring summary and drilling rate are
given in Table 1 and Figure 5B, respectively.

Drilling results at Hole 460A were very similar to
those at Hole 460; after Core 10 torquing and sticking
became bad enough that 30 barrels of mud were
spotted, but during the cutting of Core 11 the hole
massively caved in causing the bottom-hole assembly to
become completely stuck. When the string was worked
loose, the hole was abandoned; Core 11 was retrieved
after clearing the mudline.

As the bottom-hole assembly was brought up, it and
the Bowen sub were magna-fluxed. This process took
from 0400 to 1145 on 8 May. When the bit was brought
on deck, an igneous rock (which we later found to be
metabasalt) was found wedged very tightly in the core
guide, The entire drill string was aboard and secured,
and we departed for Site 461 at 1300 on 8§ May 1978.

LITHOLOGY

Hole 460

In this hole, 76 cm of sediments were penetrated
before reaching pieces of igneous rocks. In this short se-
quence, paleontological data show that a normal Paleo-
gene sequence is overlain by a barren interval followed
by Pleistocene (Fig. 6). Three lithostratigraphic units
also can be seen in the sedimentary column.

Unit I: 19 meters; 0-19 meters;
Cores 1 and 2; Pleistocene

The dominant lithology is light olive-gray and green-
ish gray, diatomaceous ooze, and siliceous mud associ-
ated with crystal mud and rare silty layers. Diatoms are
very abundant, and associated with radiolarians, sponge

Table 1. Coring summary, Holes 460 and 460A.

Date Depth from Depth below  Length Length

(May Drill Floor Sea Floor Cored Recovered Recovery
Core 1978) Time (m}) (m) (m) (m} (o)
Hole 460
1 5 1125 6461.5-6471.0 0-9.5 9.5 6.81 7.7
2 5 1342 6471.0-6480.5 9.5-19.0 9.5 0 0
3 5 1621 6480.5-6490.0 19.0-28.5 9.5 6.96 7.2
4 5 1844 6490.0-6499.5 28.5-38.0 9.5 8.03 B4.5
5 5 2101 6499.5-6509.0 18.0-47.5 9.5 0.62 6.5
6 5 2323 6509.0-6518.5 47,5-57.0 9.5 1.50 2.0
7 6 0226 6518.5-6528.0 57.0-66.5 9.5 1.26 133
8 [ 0453 6528.0-6537.5 66.5-76.0 9.5 1.51 15.9
9 6 0740  6517.5-6546.5 76.0-85.0 9.0 0.2 1.3
Total 85.0 27.21 2.0
Hole 460A
! 7 1708 6453.5-6461.5 0-8.0 8.0 7.95 83.6
2 7 1931 6461.5-6471.0 8.0-17.5 9.5 5.36 564
3 7 2124 64T1.0-6480.5 17.5-27.0 9.5 4.94 52.0
4 7 2332 6480.5-6490.0 27.0-36.5 9.5 9.39 9.8
5 8 0136  6490.0-6499.5 36.5-46.0 9.5 4.51 47.4
6 8 0323 6499.5-6509.0 46.0-55.5 9.5 1.14 12.0
7 8 0541  6509.0-6518.5 55.5-65.0 9.5 227 219
8 8 0802 6518.5-6528.0 65.0-74.5 9.5 0.40 4.2
9 8 1022 6528.0-6537.5 74.5-84.0 9.5 0.13 13
10 8 1323 6537.5-6547.0 84.0-93.5 9.5 0.34 35
1 B 1814 6547.0-6553.0 93.5-99.5 6.0 0.25 33
6.8

Total 99.5 36.68 3

SITE 460

spicules, and silicoflagellates. Clays (up to 50%) contain
zeolites and micronodules. Volcaniclastic materials are
scarce (~5 to 15%) but always represented. On the
basis of radiolarian assemblages, Cores 1 and 2 are
Pleistocene in age. Differentiation of zones is impossi-
ble due to scarcity of zone-diagnostic species. This unit
is barren of nannofossils. It gave off a sulfurous odor
when first split. It apparently was deposited under an-
oxic conditions deep in the Mariana Trench.

Unit II: 9.5 meters, 19-28.5 meters;
Core 3; Age: Undetermined

This unit contains moderate brown crystal mud with
gray patches of diatomaceous ooze and a few thin ash
layers. Barren of nannofossils, this unit has diatoms and
radiolarians, but no age-diagnostic assemblages were
found.

Unit III: 47.5 meters; 28.5-76 meters;
Cores 4 through 9; Oligocene through Eocene

Dominant lithologies are: calcareous mud and crystal
and vitric mud, interbedded with pebble layers (gravel
and sand; Cores 5, 6, and 8) highly disturbed by drilling
and strongly altered vitric ash. This unit ends with Sam-
ple 9,CC above two pieces of igneous rocks (see Igneous
and Metamorphic Rocks section, this chapter). The
reworked elements in sand and gravel up to 2 cm in
diameter are subangular to subrounded pieces of lithi-
fied sediments (mudstone, siltstone, volcanic materials
[rocks, scori]).

A thin section was made in a piece of sandstone from
a pebble in Section 5-1. Reworked fragments in a clayey
matrix are dominantly from volcanic sources, either
volcanic rock fragments or altered glass and crystals.
Several sedimentary rock fragments, including cherts
and limestones, up to 2 mm in diameter, are also rec-
ognized in the thin section. Several limestone fragments
appear to contain calpionellids (Tithonian-Barremian
age). Chert fragments contain radiolarians. These
fossil-bearing fragments appear to be reworked first as
pebbles in a sandstone, and subsequently this sandstone
was eroded out into pieces included in the Paleogene
gravels.

Nannofossils and radiolarian assemblages give a
good chronology in this unit: late Oligocene or older in
Core 4 (nannofossils), early Oligocene in Core 5 (nan-
nofossils and radiolarians), late Eocene in Core 6
(radiolarians), late or late middle Eocene in Core 7 (nan-
nofossils), Eocene (unspecified) in Core 8 (radiolari-
ans).

Severely altered and infilled radiolarians are re-
worked in the Eocene sediments (Cores 7 and 8, see
Biostratigraphy section).

Hole 460A

About 75 meters of sediments were penetrated before
encountering two pieces of igneous rock (Sample 9,CC)
followed by gravel (Core 10) underlain by several pieces
of “*basalts’’ (Core 11).
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Figure 6. Summary lithology of and correlations between Holes 460 and 460A.

Compared with the lithology of Hole 460,

there are

some fundamental differences: the sequence is generally
more strongly disturbed; dominant lithologies seen at

Hole 460 are often mixed in Hole 460A as
mixed colors (gray diatomaceous ooze and

shown by
moderate

brown mud). Original sedimentary structures are not
identifiable. Reworked pebbles are more frequent. Cal-

careous mud is mixed with coarse sand.

Paleontological analysis definitively demonstrates
that the major part (if not all) of the drilled sequence is
strongly mixed and reworked (see Biostratigraphy and
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Stratigraphic Synthesis, this chapter). The sedimentary
sequence is divided into three units (Fig. 6):

Greenish gray diatomaceous ooze, brownish siliceous
mud, and vitric mud are interbedded with occasional
silty ash layers. This unit contains Pleistocene radio-
larian assemblages. Its general characteristics are similar

Unit I: 17.5 meters; 0-17.5 meters;

Cores 1 and 2; Pleistocene

to those of Unit I of Hole 460.



Unit II: 47.5 meters; 16.5-65 meters;
Cores 3 to 7

Paleontological data (based on both nannofossils and
radiolarians) show that this unit contains only mixed
sediments from all Cenozoic epochs (from Eocene
through Pleistocene) and from Cretaceous (see Biostra-
tigraphy section). This unit is composed entirely of re-
deposited sediments. This resedimentation occurred no
earlier than Pleistocene at least until Core 4, as indi-
cated by nannofossils (see Biostratigraphy section), Al-
tered and infilled radiolarians similar to those from
Hole 460 (Cores 7 and 8; Eocene) are found here in
Cores 6 and 7.

Unit III: 65 meters-74.5 meters; Sample 8,CC,
Early Miocene or Late Oligocene

This unit contains a conglomerate with granular ag-
gregates and vesiculated fractured, altered, angular
“‘basalt’’ fragments up to 7 cm in diameter, in a dusky
yellow-green or light olive-gray clayey matrix. Grayish
orange sediments occur sporadically. This conglomerate
directly overlies pieces of igneous and metamorphic
rocks (bottom of Sample 8,CC). In the clayey matrix
just above the contact, traces of late Oligocene or early
Miocene nannofossils were found. The possibility that
these are the result of contamination or reworking can-
not be excluded. Below the few basalt samples of Sam-
ple 9,CC, Sample 10,CC contains gravels consisting of
subangular to subrounded moderately sorted fragments
of volcanic rocks and claystones. The sequence ends
with several pieces of basalt in Core 11.

BIOSTRATIGRAPHY

Summary

The limited occurrences of radiolarians, supple-
mented by a few isolated occurrences of calcareous nan-
nofossils, indicate the presence of Quaternary and older
Tertiary sediments at Site 460. The sequences, however,
in the two closely spaced (500-m) holes differ in detail.

In Hole 460, a normal sequence of middle or late
Eocene through late Oligocene is overlain by a barren
interval followed by Quaternary. In Hole 460A, a
thoroughly mixed Cretaceous through Quaternary radio-
larian and nannofossil assemblage is overlain by a Qua-
ternary radiolarian assemblage.

No foraminifers were observed in samples from this
site.

The presence of calcareous microfossils in deposits
below the present Carbonate Compensation Depth
(CCD) suggests rapid burial of material redeposited
from shallower depths. This secondarily derived sedi-
ment in Hole 460A was deposited at its present location
no earlier than Pleistocene.

The Cretaceous (approximately Campanian) radio-
larians and nannofossils at this site represent the first
Mesozoic occurrence recorded on the western side of the
Mariana Trench. The nannofossils had to originate up-
slope, and the radiolarians, which occur as isolated
specimens, probably did also. A rock fragment from

SITE 460

Hole 460 contains Calpionella alpina, an age-diagnostic
planktonic microfossil from upper Tithonian-Berri-
asian (Azema and Blanchet, this volume). This is the
first report of the Upper Jurassic microfossil in the
western Pacific.

Nannofossils

The comparison of sporadic occurrences in samples
from each hole indicates poor correlation between these
two deep-water locations that are only 500 meters apart.
Paleontologically productive levels present in one hole
are apparently absent, or at least different, from those
in the second hole.

In Hole 460, the following four samples contain
poorly preserved nannofossils: Samples 4-1, 20 cm;
5,CC; 7-1, 7-8 cm; and 7,CC. The assemblages con-
tained in these samples indicate an age of late Oligocene
or older, early Oligocene, late Eocene, and late or
late-middle Eocene, respectively.

In Hole 460A, the following six samples contain nan-
nofossils: Samples 4-3, 71 cm; 4-3, 90-91 cm; 4-3, 124
cm; 4-5, 90-91 cm; 4-6, 90-91 cm; and 4,CC. The highly
diverse assemblage in Core 4 samples contains elements
diagnostic of all Cenozoic epochs from Eocene through
Pleistocene as well as Late Cretaceous.

Radiolarians

The two short holes drilled at Site 460 contain Qua-
ternary radiolarian assemblages in fair abundance near
the surface. Below that, sparse Tertiary assemblages oc-
cur. Holes 460 and 460A contain, in addition, sparsely
scattered Cretaceous radiolarians. The Cretaceous as-
semblages are variously preserved as both opal and mi-
crocrystalline quartz, indicating derivation from more
than one source horizon.

In Hole 460, Cores 1 and 2 contain diverse Quater-
nary assemblages with the Buccinosphaera invaginata
Zone recognizable in the upper part of Core 1. Cores 3
and 4 are barren. Cores 5 through 8 contain low-di-
versity, generally poorly preserved assemblages domi-
nated by Tristylospyris triceros, with Eocene species
such as Dictyoprora mongolfieri and Lychnocanoma
babylonis, indicating the latest Eocene Thyrsocyrtis
bromia Zone. The appearance of older species (within
the T. bromia Zone) in Cores 6 and 7 indicates a normal
sequence in the radiolarian-bearing zone.

In Hole 460A, Cores 1 through 4 contain Quaternary
assemblages with the Buccinosphaera invaginata Zone
recognizable in the upper part of Core 1. Reworked
early Oligocene occurs in Core 3 (CC) and reworked late
Eocene in Core 4 (CC). Unzoned Quaternary assem-
blages occur in Core 5. Below Core 5, radiolarians are
sparse and not clearly age-diagnostic.

Cretaceous radiolarians are scarce but consistently
present in Hole 460, Core 1; and Hole 460A, Cores 2
through 5, where they are mixed with Quaternary sedi-
ment. If all the identifiable specimens are taken
together, the approximately Campanian Amphipyndax
enesseffi Zone can be recognized, but most of the
species are undescribed and probably represent other
ages (zones).
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SITE 460

ACCUMULATION RATES

Accumulation rates are estimated for Hole 460 by the
same method as that used for previous sites—that is,
from the radiolarian and nannofossil ages as plotted in
Figure 7. Ages are determined from radiolarians for
Cores 1, 2, 6, and 7, Section 1, and from calcareous
nannofossils for Cores 4, 5, and 7,CC. Accumulation
rates for the three lithologic units recognized in Hole
460 are as follows:

Unit I:  Pleistocene (0-1.8 m.y.)  >1.3 kg/cm2/m.y.
Unit II: A paleontologically bar- <0.06 kg/cm2/ m.y.
ren interval between
Pleistocene and late
Oligocene (1.8-24 m.y.)
Unit IT1I:  Late Oligocene through 20.4 kg/cmzlm.y.

middle Eocene (24-42
m.y.)

The sedimentation rate for Pleistocene siliceous ooze
and mud (1.3 kg/cm2/m.y. may be similar to that at Site
458 (1.1 kg/cm2/m.y.). From the sediment accumula-
tion curve the rate at Site 459 is 2.0 kg/cm2/m.y.

The rate of 0.06 kg/cm2/m.y. for Unit II assumes
that the 9.4 meters of sediments in this unit were
deposited during the entire interval between the Pleisto-
cene and the late Oligocene. Such a low rate may not be
uncommon for deep-sea sediments below the CCD, but
a higher rate for much shorter time spans would be
more realistic. Consequently, one or more hiatuses for
this 20- to 25-m.y. interval should be suspected.

The rate of 0.4 kg/cm?/m.y. for Unit III is one of the
lowest rates observed during Leg 60.

The accumulation rates for Hole 460A are difficult to
estimate with any certainty, The presence of large
amounts of reworked sediments causes the rate during
the Pleistocene to be significantly higher than it is at
Hole 460.

STRATIGRAPHIC SYNTHESIS

Because of its normal undisturbed sequence, as
shown by paleontological data and lithologic observa-
tions, sediments in Hole 460 probably represent normal
Cenozoic sedimentation at this site. The lowest cored
rocks are two pieces of basalt (Sample 9,CC) that could
be either igneous basement or only pebbles reworked in
the coarse overlying gravels (Core 8). The presence of
interbedded pebbles of basalt between gravel and sand
at Hole 460A supports the latter hypothesis. This coarse
detrital sand predates the late middle Eocene or late
Eocene sediments from Core 7.

During the Eocene and Oligocene, a sequence of crys-
tal vitric mud and calcareous mud was deposited. Oc-
currences of calcareous nannofossil assemblages in nor-
mal time succession and of carbonates within the mud,
together with the absence of apparent disturbance, may
indicate that these Paleogene sediments were first de-
posited above the CCD, which was probably consider-
ably shallower than the present depth of the site (the
eastern equatorial Pacific CCD paleodepths are thought
to have been about 3400 meters during the Eocene and
between 4.3 and 5 km from the Oligocene to the present
day; van Andel et al., 1975).

After the late Oligocene, sediments are dominantly
siliceous mud, rich in diatoms and radiolarians. A se-
quence of undetermined age (Core 3) is overlain by
Pleistocene sediments (Cores 1 and 2). The absence of
calcareous nannofossils, and of CaCo; (based on car-
bonate bomb data) suggests sedimentation occurred
below the CCD.

If so, the Site 460 area underwent considerable sub-
sidence after the late Oligocene, from a former depth
above the CCD during the Paleogene to the present
location below the CCD (water depth—6451.5 m). A
similar subsidence is also inferred at Site 459 (see site
report for Site 459, this volume).
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Figure 7. Sediment accumulation rates versus age at Site 460, compared with Sites 458 and 459.

378



The Cenozoic sequence at Site 460 shows very low ac-
cumulation rates (average 0.3 kg/cm?/m.y.), especially
for the Neogene (see Accumulation Rates section). This
can be partially explained by hiatuses which correlate
with tectonically controlled subsidence. At other sites in
the fore-arc and trench region (Sites 458 and 459)
hiatuses also occur at various levels in the Cenozoic. For
the Quaternary the accumulation rate is similar to that
found at Site 452, which is also below the CCD on the
Pacific plate.

Keeping in mind these remarks concerning Hole 460,
tectonically controlled sedimentation during the Plio-
cene may explain the redeposited sequence drilled in
Hole 460A. The 3.5-kHz profile (Fig. 4) can be inter-
preted as showing normal faults east and west of this
small basin in the lower slope of the trench (see Fig. 8).

A faulting event between the Oligocene and the Pleis-
tocene created outcrops of the Cenozoic sequence and
of pre-Eocene ‘‘basement.” Cenozoic soft sediments
were reworked and redeposited as talus at the foot of
the fault scarp. Then, normal sedimentation (siliceous
mud) covered these reworked Pleistocene sediments.
Such rapid tectonically controlled deposition followed
by immediate burial may explain how reworked Paleo-
gene nannofossil assemblages can be deposited and
preserved at a depth presently below the CCD.

The faulting event revealed by the stratigraphy in this
small pond may be an episode of activity that is typical
for the Cenozoic fore-arc and trench-wall tectonic re-
gime. Reworked elements (mudstone, siltstone, volcanic
materials, and mafic rocks; see Igneous and Meta-
morphic Rocks section) are encountered throughout the
Cenozoic sequence. This general reworking of pre-
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Figure 8. General topography and location of faults near Site 460 as
interpreted from the seismic profile obtained by the Glomar
Challenger (Fig. 4). Stratigraphy is inferred from the cores.

SITE 460

existing rocks is particularly well established when age-
diagnostic assemblages are found, such as Upper Creta-
ceous radiolarians, or nannofossils from the Eocene,
Oligocene, and Miocene and Pleistocene sediments.

PORE WATER GEOCHEMISTRY

Three samples were taken for pore water chemistry at
Site 460—one in Hole 460 and two in Hole 460A. The
data are given in Gieskes and Johnson (this volume).

Two samples, one each from Holes 460 and 460A,
were taken at a depth of 6 meters below the sea floor.
The sediments in both cases were clay-rich, gray mud
that gave off a sulfurous odor when split in the core lab
and which we interpret (see Lithology section, this chap-
ter) as having been deposited under anoxic conditions
deep in the Mariana Trench. The high sulfide content is
reflected in the pore waters by high alkalinity. All other
components are at levels similar to those of sea water.

The sample at 40 meters was taken from a brown
crystal-vitric mud of Pleistocene age in Core 5. Cores
above and below this interval contain reworked Paleo-
gene and Neogene assemblages. The pore water sample
from Core 5 is chemically similar to sea water, except
for slightly higher Ca2+ and lower Mg2+.

IGNEOUS AND METAMORPHIC ROCKS

In both Holes 460 and 460A, cobbles of altered ig-
neous rock were recovered within cores containing pri-
marily sediments (vitric mud and ash), before the drill
reached and was stopped by rubble or talus deposits of
igneous and metamorphic rocks. In all, eight different
types of igneous and metamorphic rocks from the two
holes were sampled for thin sections. Undoubtedly
other rock types were also recovered. The petrography
of these eight rock types is presented below.

Crystal-Vitric Tuffs

Samples 460A-5-1, 17-18 ¢cm, and 460A-5-1, 24-25 cm;
Both Cobbles within Sediments

The rocks contain angular glassy fragments generally
altered to clays and reddish iron oxides which cement
the particles together. Lithic fragments (0.1-0.5 mm)
comprise about 10 per cent of the rocks, and include
subophitic basalt grains, vesicular glass grains, hyalo-
pilitic plagioclase-clinopyroxene basalt grains, and
palagonite grains. Broken crystals of plagioclase (3-
5%), clinopyroxene (1-3%), and quartz (1%) are also
present and are about the same size as the lithic grains.
A fish tooth is present in Sample 5-1, 17-18 cm, as well
as a few chert and limestone fragments. The rocks are
probably lithified sediments derived from higher up on
the trench wall.

Clinopyroxene-Phyric Basalt

Sample 460-8-1, 148-150 cm; a Cobble
within Sediments

This rock, though altered, has a surprising resem-
blance to the spherulitic basaltic andesites of Site 458
(Unit I11) which were associated with our ‘‘boninite se-
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ries’’ at that site. Acicular clinopyroxene microlites form
about 5 per cent of the rock. A few clinopyroxene micro-
phenocrysts also occur, but orthopyroxene phenocrysts
are absent. Plagioclase is distinctly finer grained, occur-
ring as needlelike crystals in spherulitic sworls. The rock
contains abundant (20%) small (0.1- to 0.3-mm), ir-
regular vesicles. The mesostasis between the plagioclase
spherulites is altered to clays and reddish iron oxides.
Clays also form thin linings in the vesicles.

Sparsely Plagioclase-Clinopyroxene Phyric or Aphyric
Basalts Characterized by Plagioclase Microlites

Samples 460-7,CC, 12-15 cm, and 460A-7,CC,
12-13 cm; Both Cobbles in Sediments; and
Samples 460A-9,CC, 6-3 cm and 460A-9,CC,
12-13 cm; Two Rocks from the Breccia or
Talus below the Sediments

The rocks are hyalopilitic, with no more than 1 per
cent plagioclase microphenocrysts and trace abundances
of clinopyroxene microphenocrysts. Those from Sample
460A-9,CC are coarser grained and slightly less altered
than the other two samples. Acicular plagioclase micro-
lites between 0.1 and 0.5 mm long comprise between 5
and 20 per cent of the samples. Clinopyroxene occurs in
the Core 9,CC samples as tiny acicular crystals largely
replaced by clay. In the other samples, clinopyroxene, if
once present, has been totally replaced by secondary
minerals. The Core 9,CC samples contain fairly large
(0.01- to 0.03-mm) skeletal or euhedral cubic opaque
oxides. Vesicles are minor (0-5%), small (0.1-1 mm),
and irregular or round in shape.

The mesostasis is altered into two distinct types of
material. About 40-45 per cent of the sections consist of
pale green, pale orange, or clear clays that are mod-
erately birefringent and fairly crystalline. The clays ap-
pear to have replaced glass. The remainder of the meso-
stasis is orange-red in color and faintly birefringent, ap-
parently an association of dispersed hydrous iron oxides
and clays. Relict spherulitic texture can still be seen in
these zones; these probably were clinopyroxenes which
supplied the iron for the secondary hydrous iron oxides.

Altered Hyaloclastite

Samples 460A-8,CC, 35-37 cm at the Contact
(Unconformity?) with Sediments Recovered in Core 8

The sample consists of angular, green altered glass
fragments up to 5 mm in diameter, cemented in their
own crushed glass matrix.

The extent of crystallinity of the fragments varies
somewhat, but all are highly glassy (up to 84% glass).
There are only about 1 per cent tabular plagioclase
microphenocrysts (0.1 x 0.4 mm) and even rarer clino-
pyroxene microphenocrysts. Both acicular plagioclase
microlites (5%, 0.0-0.2 mm long) and clinopyroxene
microlites (10%, 0.01-0.1 mm long) pervade the glass.
Vesicles are rare (2%), small (0.2-0.4 mm), and par-
tially filled with clays and zeolites. Zeolites and clays
also cement the glass fragments.
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Because clinopyroxene microlites are so abundant,
this rock does not appear to be related to the previously
described hyalopilitic plagioclase basalts, even though
some of the latter were recovered from Sample 9,CC
(the interval just below this sample).

Sparsely Plagioclase-Olivine-Clinopyroxene
Phyric Basalt

Sample 460-9,CC, 4-76 cm; from Rubble or
Talus Zone at the Bottom of Hole 460

This is a hyalopilitic to spherulitic, sparsely phyric
basalt with abundant (~20%) irregular vesicles. Micro-
phenocrysts are euhedral plagioclase (2%; 0.1-0.4 mm
long), clinopyroxene (trace, 0.1-0.3 mm long), and al-
tered pseudomorphs after euhedral olivine (0.1-0.4 mm
long). The olivines are completely altered to clays and
Fe oxyhydroxides.

The groundmass consists of skeletal to acicular pla-
gioclase (15%; 0.1-0.5 mm long) and abundant (~ 20%)
spherulitic clinopyroxene. The mesostasis makes up
about 40 per cent of the rock and is altered to clay and
reddish oxyhydroxides. Clays line the vesicles.

Quartz-Cemented Altered Basalt Breccia

Sample 460A-10,CC, 25-27 cm; a Cobble in
Basalt-Siltstone Drilling Breccia Recovered in Core 10

The thin section consists of one large basaltic frag-
ment and several smaller, angular fragments, cemented
by crystalline quartz in veins up to 0.5 mm wide. These
veins also contain several per cent pyrite. Quartz is
perhaps 40 per cent of the thin section, forming crystals
in the veins (0.05 mm in diameter). It is also present as a
secondary mineral in the groundmass of the basaltic
fragments.

The fragments have similar textures; hence all are
pieces of what was originally a single rock. They are
aphyric, with about 5 per cent acicular plagioclase
needles 0.1-0.2 mm long. The mesostasis, now almost
entirely altered, carries abundant clay pseudomorphs
after spherulitic clinopyroxene, and clays plus quartz
after glass.

Glassy Plagioclase-Clinopyroxene Phyric Basalt

Sample 460A-11-1, 25-26 cm; Pebble Among
Metabasalts Recovered in Talus or
Breccia at the Base of Hole 460A

This was one of two glassy samples recovered in Core
460A-11, and the less glassy of the two; it was the only
one from which a thin section was prepared. The texture
is hyalopilitic. There are about 1 per cent each of micro-
phenocrysts of plagioclase and clinopyroxene. The pla-
gioclase tends to be tabular and is labradorite (Ansg_ss)
in composition. The pyroxene is pale green and faintly
plechroic.

The groundmass contains about 15 per cent of
acicular to skeletal plagioclase (0.1-0.4 mm long), 5 per
cent of acicular clinopyroxene (0.01-0.1 mm long), and



traces of opaque oxides. There appear to be two types of
plagioclase. One is the acicular variety just mentioned.
In one or two places, this has grown in spoke-like ar-
rays. The second type is less abundant; but where it oc-
curs, it encloses the acicular feldspars. The crystals
appear to be thin plates. Some have diamond-shaped
cross sections. Some are only visible in crossed nicols as
low first-order white feldspar. In plane light, all that can
be seen of these is reddish brown glass and a thin outline
of the crystal. Apparently, the crystal thickness is con-
siderably less than the thickness of the thin section.

The glass is a rich, reddish brown color. Near vesi-
cles, though, it is pale yellow in color, contains few crys-
tals, and has a sharp boundary with the reddish brown
glass. This yellow glass is faintly birefringent because of
the presence of dispersed clays. It may be a type of poorly
crystalline palagonite.

Vesicles are sparse (3-5%), small (0.1-0.5 mm), and
round or irregular in shape. All are surrounded by the
yellow palagonite-like glass.

Quariz-Amphibole-Plagioclase Metabasalts

Samples 460A-11-1, 29-31 cm and 460A-Center Bit;
These are the Deepest Rocks Recovered in Hole 460A

The rocks contain 50-60 per cent amphibole, yel-
lowish green, and faintly pleochroic, 30-40 per cent
plagioclase, much of it relict from prior subophitic tex-
tures, and 7-10 per cent quartz, in patches between the
feldspars and amphiboles. Traces of magnetite are pres-
ent, as are those of relict clinopyroxene in the am-
phibole. The amphibole mantling these relict pyroxenes
is crudely poikiloblastic, but foliation is absent.

The rocks originally were aphyric, but fairly coarse
grained basalts. In hand specimens they appear quite
fresh. Vesicles, if they were present, have been com-
pletely obliterated by metamorphism.

Discussion

Because of the wide variety of rock types recovered,
and essentially no correlation at any level between the
two holes drilled, we probably did not core into any-
thing that can be defined as basement even though we
penetrated well below the estimated 30 meters of sedi-
ment observed on the 3.5-kHz profile (Fig. 4). The rock
assemblage suggests that we bottomed in a talus (since
we were deep in the trench) or some sort of breccia. The
metabasalts appear to have been cored through an inter-
val of perhaps 10 meters, and might have been a fairly
large block of material.

The wide variety of rocks within the talus or breccia
could have come from both arc and ocean-crust sources.
The two samples that were chosen for land-based XRF
study turned out to be chemically affiliated with arc-
derived rock types (Wood et al., this volume). The
crystal-vitric tuffs and the clinopyroxene phyric basalt
(which resembles some rocks from Site 458) also had an
arc origin. The origin of some of the other altered
basalts could have been either an arc-volcanic source, a
portion of pre-arc oceanic basement, or former Pacific
ocean crust incorporated into the inner trench wall dur-
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ing subduction. The metabasalts, which appear to have
been metamorphosed to a facies transitional to am-
phibolite, but without foliation, in this respect resemble
some oceanic metabasalts.

Alteration and Metamorphism

The petrographically different rock types recovered
at Holes 460 and 460A show variable degrees of altera-
tion produced under diverse conditions. The quartz-
amphibole secondary mineral paragenesis observed in
basalts and coarse-grained diabases from Hole 460A,
Core 11, suggests the transformation of these rocks
somewhere in between greenschist and amphibolite
metamorphic facies. However, the original texture of
the rocks remains unchanged (they are not foliated), in-
dicating the rather high temperature but low-pressure
metamorphic conditions.

The other rock cobbles and fragments contain mainly
secondary clay minerals sometimes accompanied by
zeolite or pyrite and quartz. Such mineral assemblages
can be produced by both low-grade metamorphic and
hydrothermal events. Additional geochemical data are
needed to elucidate their origin. The diversity of rock
alteration indicates a fairly complex composition and
structure of the basement outcrops near the site,

PHYSICAL PROPERTIES

Compressional wave velocity, wet-bulk density, salt-
corrected water content, porosity, and acoustic im-
pedance were determined for cores recovered from
Holes 460 and 460A. The results of measurements are
presented in Table 2. Thermal conductivity data are in
Horai (this volume).

SUMMARY AND CONCLUSIONS

At Site 460 (survey target SP-2B), two closely spaced
holes were drilled on the inner wall (island-arc side) of
the Mariana Trench only 23 km from the trench axis.
The site is about 2200 meters shallower than the trench
axis. The main objectives of drilling this site were to
probe the basement of the sparsely sedimented deep
trench wall to determine whether it consists of sediments
or igneous rocks of oceanic or island-arc origin, and to
see how these materials might have been emplaced in the
trench wall.

The geophysical profiling indicated that the site was
located in a small pond that is slightly over 1 km wide,
had at least 30 meters of sediment, and was bounded on
three sides by apparent normal fault blocks. The site ap-
pears to be the head of a canyon in the trench wall that
starts on the north-east edge of the sediment pond. The
sediment surface in the pond dips slightly to the west
(toward the island arc).

Holes 460 and 460A are separated by less than 300
meters, but the recovered sections have apparently had a
substantially different history. Both holes failed to
penetrate through an apparent talus rubble load com-
posed of a wide variety of cobbles, including fine-
grained clinopyroxene-plagioclase basalts, metabasalts,
altered crystal vitric tuffs, altered hyaloclastite, meta-
diabases, and plagioclase-free and pyroxene-rich, highly
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Table 2. Physical properties measurements, Holes 460 and 460A.

GRAPE Water
Sound  2-minute  Content
Velocity  Wet-Bulk (salt- Wet-Bulkb Acoustic
Sample Depth  (vertical) Densil:jy corrected)  Porosity® Density Impedance Rock

{interval in cm) (m) (km/s) (2/em) (") (%o) {g/cm?) lg.—’cmzs % 10%) Type
Hole 460

1-1, 40-42 0.40 1.53 Soft mud

1-2, 40-42 1.90 1.51 59.8 79.6 1.36 2.05 Mud

1-3, 30-32 3.30 1.53 Mud

14, 39-41 4.89 1.51 58.4 78.9 1.38 2.08 Mud

3-1, 96-98 19.96 1.57 54.6 76.2 1.43 1.25 Mud

3.2, B0-R2 21.30 1.54 Mud

3-3, 75-77 n.Is 1.55 52.52 74.35 1.45 225 Mud

34, 4042 23.90 1.54 Mud

4.1, 22-24 28.72 1.56 39.3 63.8 1.66 2.59

4-2, 23-25 .23 1.57

4-3, 79-81 32.29 1.53 54.0 75.9 1.44 .20

44, 43-45 3343 1.55 1.43 55.9 77.4 1.42 2.20 Firm mud
4-5, 95-97 15.45 1.55 1.47 55.8 x5 1.42 2.20 Firm mud

7-1, 58-60 57.58 1.57 1.50 4719 0.3 1.51 2.37 Soft mud

SP2.0, 29-31 1.54 Soft mud

SP2-1, 55-57 1.52 51.5 73.7 1.47 2.23 Ooze

SP2-2, 58-60 1.54 50.2 73.0 1.49 .29 Mud

SP2-3, 80-82 1.53 48.8 71.6 1.50 2.30 Firm mud

SP2-5, 35-37 1.52 49.4 2.0 1.49 2.26 Firm mud
Hole 460A

1-1, 53-55§ 0.53 1.57 Ooze

1-2, 4042 1.90 1.54 Ooze

1-3, 53-55 3.5 1.53 Ooze

14, 55-57 5.08 1.52 64.1 82.4 1.32 2.01 Qoze

1-5, 94-96 6.94 1.54 Ooze

2-1, 99-101 8.99 1.54 Ooze

32, 74-76 12.74 1.54 1.48 55.7 73 1.42 .19 Firm mud

33, 74-76 21.24 1.53 1.50 59.1 78.7 1.37 2.10 Ooze

34, 25-27 2.25 1.53 1.53 2.34 Firm mud

4-1, 126-128 28.26 1.57 1.7 46.4 70.3 1.55 2.43 Mud

4-2, B5-87 2.35 1.56 1.74 2.7 Firm mud

44, 771-19 k) 1.56 1.713 8.7 63.1 1.67 2.61 Firm mud

4-5, 60-62 13.60 1.59 1.86 2.96 Firm mud

4-6, B2-84 35.32 1.54 175 41.6 66.2 1.63 2.51 Mud

5-1, 5860 37,08 1.60 Sand

5-2, 65-67 38.65 1.54 1.52 1 737 1.48 2.28 Stiff mud

5-3, 75-71 40.25 1.60 1.70 41.1 647 1.61 2.58 Stff mud

6-1, 75-77 46,75 1.55 Mud

6-2, 81-83 45.81 1.54 1.52 51.5 74.0 1.47 2.26 Mud

7-1, 108-110 56.58 1.59 1.60 4.9 68.9 1.56 2.48 Mud

9,CC, 13-15 izl 209 6.71 Basalt

2 porosity = salt-corrected water content x wet-bulk density (gravimetric)/1.025.

Gravimetric method.

vesicular basaltic andesites (boninite?). The metabasalts
contain amphibole and quartz but are not foliated.
These rocks include some which definitely are related to
arc and fore-arc basement cored at Sites 458 and 459,
but could also include some derived from oceanic crust.
Geochemical analysis of two samples from the talus or
rubble, as well as a sample from within the overlying
sediments, showed that they all had island-arc affinities
(Saunders et al., 1978; Wood, this volume).

The igneous rubble began at a depth of ~ 75 meters
below the sea floor in both holes. The chaotic nature of
the igneous sections leads us to believe that none of
these samples is likely to represent in situ basement.

The igneous rubble in Hole 460A is overlain by a
9.5-meter layer of very slowly deposited Miocene or late
Oligocene conglomerate. This in turn is overlain by 47.5
meters of reworked sediments that contain mixed fossils
from all Cenozoic and Cretaceous ages which were ap-
parently redeposited in earlier than Pleistocene.

In contrast, above the igneous rubble in Hole 460 we
found a 47.5-meter late or middle Eocene to late Oligo-
cene sequence that, based on paleontological data and
lithologic observations, is an undisturbed section of
Cenozoic sediments. However, the occurrence of ap-
parently undisturbed carbonates and a normal time suc-
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cession of calcareous nannofossils in the section in-
dicates that they were deposited above the CCD. Since
the CCD has, from before Eocene to present, appar-
ently been much shallower than the depth of 6500
meters where these calcareous sediments are found, we
conclude that the Eocene-Oligocene section has sub-
sided since deposition. This subsidence had to have oc-
curred in a sufficiently large block to leave the sequence
undisturbed, but does not seem to have included the
sampled sediments that are 300 meters away in Hole
460A.

Above the subsided Eocene-Oligocene section, a bar-
ren crystal mud estimated to be 9.5 meters thick under-
lies 19 meters of Pleistocene diatomaceous ooze and
siliceous mud in Hole 460. This Pleistocene section is of
about the same thickness in both holes at Site 460, and
has a slow sedimentation rate and a lithologic character
reminiscent of the uppermost sediments at Site 452,
which is across the trench and about 100 km to the east,
on the Pacific plate at a depth of 5860 meters.

Thus we infer that some time between the Oligocene
and the Pleistocene, Site 460 was subject to major fault-
ing and subsidence. These events displaced the un-
disturbed Eocene-Oligocene sequence at Hole 460 well
below the CCD, and created outcrops of this sequence



and pre-Eocene sediments, fragments of which were re-
worked and redeposited at Hole 460A. The redeposition
at Hole 460A had to be rapid enough to bury the re-
worked calcareous nannofossils before dissolution if it
occurred at the present depth, or it occurred above the
CCD prior to subsidence.

SITE 460
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| . =i al * ate dark gray 1o Biack incolor [probably reflecting organic ',| Py == lighter thar in Core 1, indicating depasition n oeygenated water
oj_r‘?—’ % carbon) and petriliferout ador (were deposited in i1sgnant plch bd tion 1: Color changed {u Leownish moderate bromn (5% R
s cM K= == 5 - anaxic trench T8, ; s erystal misd with dark greenish gray oatches and hlack (N1
z 1 =4 =N e sy 21 Sectian 1: Distomacrous acze; very light slive gray (5Y 8721 with B 1 L% dintemaceout oote snd duiky blus green diatomeseous ooze lumgs
= &U_n"‘-" E olive b‘agt 15Y 21 m:’mhﬂm s Indicated. ] L=l " Afin I.n&:unﬂqumﬂ: R
= 4 Box Section 2: Siliceous - Section 2: As sbowe: dusky yellowish beown | 21 patchin,
g 1.0 e, B abewe; light olive gray (BY 621 . g wndl & layer indicated.
) b e Grewenish gray (5GY 5/1) must with browmish black Py 45 to 11Zem: Mottins af disky yallowinh green [5YG 5721
E o AF SERK] I5YR 2/1), sty #nd dark groenish pray (5G 4/1] bardh, te o . sbundant,
= === 411 |s syan Sectlon 3: Ax above; BYR 2/1 are marked in the column of sl . 114 to 116 am, 118 to 121 em; 122 to 128 em, 143 ta 148 cm;
ot - sedirment sructunes. Firm linpots
E = =0= =05 ﬁ 4: Ay above; greanish gray (SGY 5/1) with olive bluck ‘g 148 10 147 cm: A dusky yeliowish rean limp
§_ 4=0=== ] ASY 2011, slity laver and patches marked, slightly srift, Section 3;
g _} P Section B: Similar to sbove, grayish green ooze (10GY 572} with |~ 010 85cm: A& shove, only firm patches and layen indicated
£ 1 _n w . slightly coarser patches of grayish slee green (586 572} Ha 55 w 180 em: Color Wightly pales; moderats yailawish brown
g oM et o . 8 VIOYR 5741, unless otharwie notsd
= B 2 == =) 2 B0 to T3 cm: Theee tirm parts of light olive gray (6Y 62
o i # E SMEAR SLIDE SUMMARY B 2 m:“ﬁ wnmr fragmunn 7 mm in dumtes
R e i [ 1o 102 em: A firm layer
D= == C SYR 21 ; ] 11310 117 em: Sandy clive gray (5Y 372
P Sa i . 3 117 to 128 am: Silty, dark yallowish brown (10Y R 4/2)
e "“-:C" = 5G 41 H 3 128 u;'l‘!g em: Grades downward from yollowish gray (Y 7/2)
— = 3 10YR &/4.
J—-.& oy Eg % & oé = Sectiond: As sbove, moderats yaliowiih trowi 10V R 64) down
H g To L= 0 112 cm. Three tiem Layars a1 indicatod
-1~ S~ —{h_’. S 133 250 376 4140 Ig 0 lgam.‘ gnim STAFS to be paler 10 kgnt olive gray (5Y /2
e L 1 138 to 140 om: Sandy
é s DNl } Sand - - - 3| Section 5: Au above, 5Y 5/2 s Iithified blacs, bayes s
AG) a5 A Y Sin - - 50 o &2 indicated,
B 3 4= e o = e Clay - - 50 10 g|B 3 80 em: Colos s1arts to change into graysh alve {10 4/2)
1o vﬁ“' A » EEIQ‘»&LETQJ“" & & 90 - 80 10 86 cm: 10Y 477
— +| 4 =
o Sl Sl
= s Fldsnar 5 w30 5 = SMEAR SLIDE SUMMARY
Vsl N +9 Heavy minerals - - 10 Ll ]
b o h“n-ld Clay - 30 50 0
== 2= 1] Voleanic glas 5 - 5
= Micronsaulss [ 0o - L B . « 3
= T ‘alite . - = = = 2.
ety a Distoms B0 ap - 80 5} 8 ES of
- L Radiolarians B L] + 10
ce Bl 3 5 ~VOID Spange spicules - - = 8 80 1128 148 587
a Sllscollagelates * L] - 5 & 4 TEXTURE
Sanc - - - -
B e, B St m o - 2
bt Clay 0 - a8 0
= TOTAL DETRITAL 100 30 % a0
4 Eauposmon. "
.| = etdspar b s ‘ 1
[Chamical Sample Mowey minarals FR— — 10
o Clay 70 % % 10
- Valcenic glass - - - +
Micronodules - 5 5 10
o 5 i :«nm - ?g 0
o ar s - -
B |GG |RM 5 P‘L B g [ Silicofiage/tates ¢ -
B|B
SITE_460 HOLE CORE 2 CORED INTERVAL: 9510 19.0m
FOSSIL =
S |- | cHARACTER u
Q-3 8| 2| orapmic |oZoms
3 o z5/9
- w =] w ITHOLOGIC RIPTION
\Z = 8 5| & | utnolooey 2l L DEsC
E S FEE ul = 223
= |= |2|F|3 =
B [FM ccl fom =~ 3N . NO RECOVERY, but a tiny Core-Catcher sampla indicates
r:"'i_l _I_ more of hess similas lithology to Core 1.
SMEAR SLIDE SUMMARY
Vitric SHiceoun Mud
[=+
TEXTURE:
Sand 0
Silt 30
Clay B0
TOTAL DETRITAL 65
COMPOSITION:
Feldipar 15
40
Voleanie glass o
Micronodules L]
it .
Diatoms 5
Radiolarisns 10
Silicofiegellates 10
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SITE 460 HOLE CORE 4 CORED INTERVAL: 28510380 m SITE 460 HOLE CORE 6 CORED INTERVAL: 4751w 57.0m
FOSSIL . N FOSSIL
5 |~ | CHARACTER = i G |m [cmaracrER f | b
o2 = 2(5els O lzw o = ]
b E SZinla 9l & Lil:qﬁzlér HEE LITHOLOGIC DESCRIPTION SzE Zle|5 c|E 2. LITHOLOGIC DESCRIPTION
532 gl & B L 2 g 3
wo z =08 D |om| = w|
=" 2MZZ 18 al % =Hlomz= 7 ONZI2 18 - 2
- o= |elZ|E Gl =" |2z|= T —
10 R A T pons AL AL CanE 08 S ARDSICTY VHME S
A L on 1: Lithology changes agesn. Random mixture of clay i ¥
i = 4 6 2 Ismps of moderate yallowish brown (10YR 5/} and pake green = Section 1 to Section 2, 19 cmi Simila 10 lower hall of
3 i 110G 6721 = Sectwon 5, 1 em. Upsward Fining silling sand and petible, fairly
L0 1910 36 em: 10VR 564 luegps, calcareous musd well sorted. Botrom 10 em with chry matrix. Angular 10 subrouns
1 i 11710 149 em: 10YA 54, hignk, 106G 6/2, solid E 1 rocks, maitly {semil?| lithified sediments
O Section 2: s shove but 10Y A 5/4 predommater. Mud lumps in E Oto 3 em: _CBI‘I& tand
0 Mt; matrix. Some lumps are firm and modarate brown ) E g?ﬂ;?ﬂ:‘mva\:t«n::“ tand
(BY in cobor 2 N
(o] Section 3: Similar o above, irregulnly shaped! 106 677 ani g 30 to 180 cm: (Seetivn 2, 19 cm) Pebbles, maximum diamatoe
B 2 - YR 474 mud fumps (yoma firm are scatterod in the matrin of ] :.mmz
;?:“R 5:— '"c.‘l.‘.iﬂ‘i'dﬂfiﬂi‘fﬂa'.uﬁﬁ hibacks [hrakan u‘-‘::: 191026 em: Modarate yeliowish brown firm mad
Iumu:.lnul'svﬂ 4/4 arvd V0YR 54, Nesdules imud-rich n miero- 2 26 to 30 em: Yellowith gray (5YG 7/7), sandy sty vitric ash,
noduler) are scattered in 70 1o 100 e - At the bottom & fow moee thick lapers o patches of grayish
i orange (5YR 7/2) {same ot Cory 1, Core-Catcher)
m;ﬂﬁi,?.dm.‘“," ]a“w $a 114 e seenb|Bitted pediion e B:1AM L Core-Catcher; Slhightly darker than yellowith gray; moderate
114 to 135 em: Semni-lithified claystons, yellowish brown wallowith brown clay or mud
2 [0YR §/2), biroken (due 1o driliag?] 10 angular pisces
135t0 150 em: 10YR 5/4
B Saction B: 10Y 7 5/ with thrae fragmented claystons layers of SMEAR SLIDE SUMMARY
\&Ilo\mm lum. n (10¥YR 6/2). Silty Vitrie Ash
269
SMEAR SLIDE SUMMARY Textune
§ Siit a0
= > i z gi Clay 60
£ £ B% RS TOTAL DETRITAL 100
; v £z @ : EE COMPOSITION,
= g a2 53 2 = 55 Feldspar 10
z - A a SYR a/s - 120 1136 420 470 617 CC EPI;::uucjln gg
g ’ J Sand - - 3 - - Aabiolar lany +
L i - Sily 60 25 3 W 10
B E AR 1o Clay a0 15 al 50 80 7%
o S _;_J']“Q TCIT.?‘I:.‘SDET‘;HT.QL 55 100 100 60 100
k-3 XF . COMPOSITION:
5 He s 4 Feldipa 010 § 15 10 15 SITE 460 HOLE CORE 7 CORED INTERVAL:  57.0 10 66.5m
e O R W Y IR, Hoavy minoraks - 5 - 5 - 10 FOSSIL
EREMEE— Clay W7 R A R i -
L, {re S Volcanic glas 5 10 X = ++ g - CHARACTER i
L O, ’ i e Soia = 03 I or(Ew 8| 2| crarmic 3 N
4 e g, " =" = = o T = d LITHOLOGIC DESCRIPTIO
& et L Nannetassils 0 - iz (52l2|8 E| & | utHolooy E2Em
£l B Tron hydroxide 5 - ~ - = CER R ETE 2l = = g
LT it % a w T
o= (2]1Z]2 il =
Modsratn olve brown &= RP ZEOLITIZED MUD AND ALTERED VITRIC ASH, s wnlcanic
% [5Y a/a) Zzlz RP aock flaes) Iesgment.
k | Section 1:
2 era: i i "35 A 0o 7 om: Mud, dark yeliowish brown (10YR 3/2)
g S L T l:ﬁl;lg: Bﬁnlllv tracured dﬂm'humn“:lvilh orange
13 ud yellowish
- 10¥A 5ia 285y 1 M il i oray | of grayish orangs
B 3 K 33 = 81011 em: Mixiro of 7 10 8 em and some gray st
5 1110 50 em: Same m 7 1o 8 e, sltered vitric ash (vitee mud) ar
il i arayih orange L10YR 714
1 £ [cP |RP cC =1 * B0 1o 116 em: Mud, wame a5 0 1o 7 om, seolitiesd mud. (2}
] 3 [5F = Core-Catcher:
= |0 01025 em: Dark yellowish hrown (10Y R 2/2) with Two patches
= £ |= ol grayith arenge
=™ 2 1= 2.5 10 Bem: Grayish orange clay
B & = r B0 1Zcm: A madstone lnsgment
el 1210 17 cm: A volcanic rock fragment and clay, yellowish gray
d . 5YG 6/21
B |8 cc i £ (Y6
;38010475 £
SITE 460 H aFl Essn. CORE_ 5 CORED INTERVAL m ; SHEAR SLIOE SUNMARY
= » wlx Zeolitied  Altered
S |- | cHaracrer | G olited | Mwrd
o l3u S| & | crarHIc |o2z=a 164 140 cca
x5 ~2|2(3 £l B | yHoloGy SiZ215, LITHOLOGIE DESCRIPTION ; rextune
u o and 5 = =
22 [onl2i2 (8 s = 'éﬁ s Siit 5 20 2
= |z |6|4|= T el ] 2 Clay 9% 80 o8
= w|Z|e - = TOTAL DETRITAL 80 % o8
B COMPOSITION
B il ALTERED VITRIC TUFF, CONGLOMERATE, CRYSTAL £ Fakispar 5 s ~
2| CALCAREOUS MUD Hoawy minsrsi - 1 -
1 - Section 1: ¥ B 79 o
FE B id 0o 23 cm: Same as Core 4, Core:Cotcher, but mara soupry. Valearic glass - 10 A
=< relrp cc o 2310 42 em: Subangular pebisies fining dowrwasds to very Micronodules - 5 2
— eoarse vl Same of the pebibies hard, some semi-lithified Zealite 0 -
sudiments; color variable from grivith yellow 1BGY 7721, light
E olive gray (5Y 5721, olive gray (6Y 32
85 4210 61 em: A mud lump of yellowish gray (YG 7/2] &
£ i r: Moderate yellowish brown [10YR 5/8) elay with
] two lumps of yaliowish gray s indicated.

09% LIS
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SITE 460 HOLE CORE 8 CORED INTERVAL: 66.5 to 76.0 m SITE 460 HOLE sPa CORE _E CORED INTERVAL: PISTON CORE [SITE SURVEY)
I FOSSIL FOSSIL
S = CHARACTER | il o |- | cHaRactER |
w = bt
- w o| 2| erarHic 5 Sr |=w 2
Sz 52|ely 2| Bl yinsiocy 3. LITHOLOGIC DESCRIPTION T2 |5z|2lg z LITHOLOGIC DESCRIPTION
...:,goiz gl 2 5 ws ["0lZ|S o
z _"553 “ Iz £7 (982128 “
HHE = SHHE
DRILLING BRECCIA AND A FEW FRAGMENTS OF ALTERED LXIO o Swaiee LET VP 4 01
VITRIC ASH (st in Core 7, Saction 1, 11 1o 38 em). Dark: yabiowish broken {10YR /7).
Swciion 1t ta vury dark yellowish brown | TOYR 321
01012 em: Sand
aP MUD AND SILICEQUS MUD WITH
= g n‘: 1:3 o Grarule i MII:IIDND?ULEI. VITRIC MUD
3 b AND SOME LAYERS OF VITRIC ASH,
= ol 115 o 140 em: With mud pasts Haintly mattied
E e Doriabing sned, granule ane pelsble, angular to subrownd. Largest 330 em: Micronodular mud
. ona at the bottom, hard aiterod twlli?). Larger anes are the same
w . 8 Core 7, Section 2, 11 10 3Bem. Fining upwards and ar the
by e fime cosrer graing tend Lo conoentrate in the center of the
iiner.
B (RP Core-Catcher: Several lumas of mud with a hard, angular 10VR 212 FUEAASLIDE SUMMAARY
mudstone, the same as Cors 7, Section 1, 11 10 38 em. 10YR 32 with
darker moni
SMEAR SLIDE SUMMARY YR A2t i i
Wikl moderate browst (5YH 4/4) oo
= 2 pale manties E H i 3
TEXTURE: i 3 ; £
Sand - B AG VoD H 3 2 H
Silt 10 b
Clay o ETO1 130 270 245
TOTAL DETRITAL 100 TEXTURE
COMPOSITION: 10YR 4/2 10 6YR 474 Sarud T 5 o T w0
Faldspar 2] downwands matthes 20 33 45 a4p 52 I8
Heary minesaly 2 i Ty & s W 5
ﬂ" 80 '; TOTAL DETRITAL ar a1 &2 81 a3
COMPOSITION
Cuarrs 2 3 - L] E
Fritpar Rl "0 19 0 %5
E 3 Hewvw miserahy 5 3 5 1
L] ar az ks 3
sle Vescanic g 10 x W
SITE 460 HOLE CORE 9  CORED INTERVAL: _ 76.010865m n voin Ranwemn.  + B - 3 '8
FOSSIL Misrunidues w8 F]
Zechitn - - . -
% | | cHARACTER 3 Nannlomis =
O, < g o GRAPH Digrams 72 7 W - '
o Ic Fafiai - = w1
Tz15z|elg =l 8, LoGY e LITHOLOGIC DESCRIPTION omsinghcnd ) 3 o =
ws |00 = g Ul w ITHOLO G Lmidentifis congues w W
£ |2 Ll=z(8 ¥ = Very laint
Sl i E ; = B i SMEAR SLIDE SUMMARY
el SMEAR SLIDE SUMMARY 5 i l
= voip
(3 % L]
H s YR 404 E
§§ i i1
780 330 480 5130
TEXTURE: Seiet  CeBa2 TEXTURE:
s.‘” = _ - Sand 1] 5 Ll 7
Sl » - # 5 ot & @ @ mow
Clay ) 70 mottling TOTALDETRITAL 11 T w
TOTAL DETRITAL 100 B T COMPOSITION
COMPOSITION Cuartr -
Faidspa 5 25 Fuictiear LTI T T 1
He i _ Heavy manes s ] -
CI:" mingrals P - i Clay a; 6 T &’
Valcanic glass 5 - :E:r."w‘-nn _a 1'0 L
Micronaduley L L1} 0 190
Zaciire . s 3
Nareatoumis - - ¥
Copror - ] =
Ractintariam W= s -
Sporwe wican i - .
Uadentifed oosgues  — -




SITE 460 HOLE A CORE 1 CORED INTERVAL: 00t 80m SITE 460 HOLE A  CORE 2 CORED INTERVAL: B0t 176m
o=
= FOSSIL 2 FOSSIL &
CHARACTER v i CHARACTER i
8, |2 8| £ | crarn ‘;4?-3 8, |2 HEART e
s =2 of = IC logz5E LITHOLOGIC DESCRIPTION g = I 9| & APHIC laZlz5o LITHOLOGIC DESCRIPTION
1z lag|%|0 G| S | UTHOLOGY Zxit o2 | Z (L5150 G| & | uTHOLOGY Zxizh o2
£2|oNZ12 13 o= G2z3 L3 oni2|Z g 2| 2 230z
= |2 |8|3|2 Slun=d Z |z l8l=<|2 Etlurleg
- b B2 ] sl S - (= [9]|Z|2 0wan Sond
| ! DIATOMACEOUS OOZE, SILICEQUS MUD, VITRIC SILICEDUS MUD, SANDY VITRIC ASH, SILTY VITRIC ASH
DIATOMACEOUS OOZE. Al core it very disturtseh; mixture Section 1: Light clive gray (5¥ 5/2) noze snd mud with silty
| o several colons. vitric ash, stightly stiffur (oliwe gray. BY 321, ofive black
| Section 1:  Drstomoceous vole, Illsvgw darker thin gresnish patches snd black (N1) sandy patch.
L= gray (BGY 671) interbeded with 5G 572 color layer {5C 5/2 = Section 2: Dominant lithology, light alive grey misd, At abave,
FG 1 | LA grayith groen to 5G 372 = dusky green} and siity layars, 8 FM but silty, darkur [ithology incraased.
5 B . a Dften mixture (by drilling or coring process?} of the two 120 to 150 em: Sulty, olive black (5 3/1)
= lithologies. Daskor silty liyor: medmim dark gray (N, olive Section 3: Dominant lithology, light alive gray 15Y B/21
g biack (5Y 2/1] 510 18 em: Silry dusiy beown (3Y R 2/2) parches of sandy
i Section 2; As above, but beds are mare disturted grayiih green % cryvtal ah,
jc portion incressed. Color of dominant lithology is gkt ofive Section 4: A3 abuve, light olive ray |5Y 5721
= aray |6Y 6721 " - Core-Cal 7 Lumps an sbave
Section 31 As ahowe with small brownsh patch of mud,
Dominant lthology i light olive gray [BY B/2) or slightly greenish " .
5::" 100 em, clive gray 15Y 4/11 in clive biack (5Y 2711 sreaks. stipes
jon 4: Dominant lithology & grayish alive (107 8721, More Silia Sal
; il heownish than abiove. Moderate yallowish brown [10YR 54} 8 me Mud ﬂc"'""
E cG sifieeous mud (st 60 em)
5 2 Section 5: As aboue, light olive gray 15Y 5/72). 1124 1142 312
B Sactlon B: Grayish olive [10Y 472} with patches of olive gray FEATURE:
18Y 3721, Sand 0 a0
- 3 E o 7 i
xy
SMEAR SLIDE . TOTAL CETRITAL 06 88 8
5 I E RM COMPOSITION:
- i1 é Faldpar il L} n
3 . Heavy minarals + - 20
g5 5 i Gl - 63 20
&k B olcanic glass 7% - 5
=3§ae ug a\g 53 Mmmi'.':m L3 5
¥ Digtoms - 15
M 3 TEXTURE: WIRR R AN FM Radiolerisn * 5 +
B Sl . Silicaflageliates - 2 -
it - = = = 18
iy - - - - 6
TOTAL DETRITAL 45 15 W0 40 65
COMPOSI TION
Feldspar 16 - 5 W0 &
s Hevy minevals ' - - =
& Clay 1010 % 75
Volcanic glass 20 5 5 5 &
Micranodubes o= - 5
. Zeolite Stk
Diiatams 60 B0 B0 G55 10
P “ Radiolarisns 5 6 10 B 5 il ey
B B |FM
[CM
B 5
6
B |CG

LBE

09% 9.LIS
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SITE 460 HOLE A CORE 3 CORED INTERVAL: SITE__460 Ho:;ma: CORE_ 4  CORED INTERVAL: 27.0 to 36.6m
FOSSIL = wl
O |- | cHaRacTER | » I CHARACTIR 1g| , 2[ g
o2 H gl - o w O| = | GRAPHIC 225
2 leuwl | O| = | GRAPHIC z,[&‘ LITHOLOGIC DESCRIPTION b ] Y S 2| & HoLOGY Solai LITHOLOGIC DESCRIPTION
1z|=2|2|8 =| = | LITHOLOGY 3? () ke R ‘go:
w3 (2028 Ul W 22 lon|a|Z | wl| % 2
N FEIFS i SEass s [eNlg1z (8 4 e
bt fos =
= |= |2|F|=2 ne:'-:: - = |8z =5
q . VITRIC MUD, CALCAREQUS VITRIC MUD, ALTERED
= =4 r: VITRIC MUD, CRYSTAL DIATOMACEOUS OOZE, CRYSTAL VITRIC ASH. Strongly deformed; mixture of differant
o 1110 MUD AND SILTY VITRIC ASH; stronq disturbance and mixture Joinial Mtructing lor changes 1o
A of lithologees. iy
o= Vlif @ Section 1: As in Core 2; oore and mud with patches of silty ;::;: 1 Strongly detormed, Beily 10 Soupy; mixture of
RP 1 | =N ;{,, dusky brown (SYR 2721, Domanant lithology is light olve gray g |RP ditferent lishologies, Moderate vellowish brown mud, moderate
B 3 Rt I6Y 6721, Suw fayer. light gray (K7} from 126 to 131 cm brovm sty [10YA 54 ta SYA 34
f\}q‘- L] Section 2: As abowve, but 1rong disturbance produces Turbulant Soction 2: As sbave; s1ifF mud, maderate yellow sh brown
4 =N=p | Plaw line:like patterms, Probably mixture of dominant lithology, {1GY B 574} with thin silty patches and becs of ah,
i = Tight alive gray [SY §/2) and BYR 22 Section 3: As atiov, more fraguent intercalation of silty bedi
x| I — O Section 3: Section 4: A4 above, but no original steuctuse idoen tifiatile
2 SFEO L = D10 25 en: As abowe. because of daturbence. Moderate yeilosish brown [10Y8 54}
=l gw : em: 2”‘.'&2’"":.5"‘ bm:.'-.“m:':lo:f: :vm with patches of dark yellowssh brown [10YR 4121 and
E et to T0em: As ., with iy sl ors. n. i
= 0=ty 70 to 160 em: As Section 2 " ‘:-B:rla\fmp, modetate yellawith beown mud
| '; 4: As above, light alive gray (8Y 5/2] with olive islack f Section §: As above, et s1iter arts increase.
Iom 1SY 211) sty mrattles. Vitrle wit (reworked stonel, Section 7: As above, but all dark yellowah beown [10YR 4121
F = © : Some gr i sty anwd sandy,
A e Reworked fossls: Sections 1, 2, 3, and Corn Catchar contain P /1 Fuwatked fosyis: Sections 3,5, 8, and CormCatchar contain
2 ] At ] cretaceous racdiolarians, The tcher containg Q Cretaceous; fate Evcene through latn Plostocens nannontank tan
B T W'_'r‘ Dligocene and Eocene radiolsrfany. B ‘Section 1 comans cretacecas radiolaria. Cors-Catcher contain
= # | A Eocons, Oligocene, and Miocens saliolane
o SMEAR SLIDE SUMMARY .
. = 3 3 /“{ SMEAR SLIDE SUMMARY
& B e e H A b ] 5
: __-E.r“: »335 g " i F HE
: EEHNE EEoErise - ¢ i or o
a v > o = = = &= s
b h 318 342 352 377 3CC 3CC =
* - TEXTURE- ‘o i oM Al 122 2911 323 MM 4N
g Sand - - TEXTURE:
Fg 3 ' & Sit BI 15 15 15 20 10 il E Sand w1
B . Clay 10 B85 86 BO 75 65 5 0 50 5 50 %
# mﬁﬂg‘nl 100 85 100 25 100 100 o Clay B 30 65 :D ag
i Al AL 100 L] o i)
] Feldspar Wow 5 10 10 10 g |3| o™ K Bl
Hemvy minscaly - - - 5 & = L4 E 1 0 10 1] m
o] Ciny 15 75 B85 10 70 B0 Els o i P » 5 =
e [y ;‘olnmc ghiss 0 10 10 & 16 2 £z i Clay @ 3 8 45 B
enl ¥ = = = la o
: 2 Cotrimaie s =5 5 = %S % 2 / Velcarie o o s s A W
= - Dintoms = - o - = Carbonate unan. = 10 15 mn
B |FM cc A : Radioinniuns ~ % 10 E : & 2 Nonootiaih b - g 10
. hy + 3 =
< i Tran hydroxids .
Ll
D
RP
ce
Lilg
M
M
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SITE 460 HOLE A CORE 5  CORED INTERVAL: 36510 460m SITE 460 HOLE A CORE 7  CORED INTERVAL: 55 t065.0m
TITAT = 5 FOSSIL I
5 - CHARACTER o ol b g ,; CHARACTER 5 o g i
o < " Z|gl= - 0 GR e —
At L1 Q| & | GRAPHIC joglafis LITHOLOGIC DESCRIPTION s =] I I8 el & APHIC loZlz32 LITHOLOGIC DESCRIPTION
1z (5228 5| £ | umowoov EEEEE, e HEE G| & | umotoevERizn
= >
2> (on|3|Z |2 o) = EeEEE El S " = =
= wn|B=E =
= |= |9|2|2 B3| s = = |2|z|2
VITRIC MUD, CRYSTAL MUD AND SANDY VITRIC ASH. VITRIC MUD, MUDSTONE AND CLAYSTONE
Several calor churges Care [Section 3). Section 12 Vitric mud with silty layars or patches (N3). Mud
Section 1: Light aliv omnerally pale olbve [10Y 6/2) or elive gray [5Y 3720 with lemps
o) atharwiss indicated; ma of moderate yollowith brown [10¥R 5/},
F) 0ta 70 ce: Upwards fining from coarse 10 fine tand RP 2510 135 et Grayish oliwe { 10Y /2 3ttt mud with s
CM| 70 to 80 om: Dusky brown (6YR 2/2), silty patches B Tithitied lumps.
B P 120 to 130 em: Light olive gray 15Y 5721 135 to 160 em: Brittiey fractured semidithified mudsiones.
Soction 2 Maderate vellowish brown (10YA 5/4) theoughaut groonish black [5G 2/1) and olive gray [5Y 4/1).
) with e somi-il thifiead blocks siightly derkes than light olive Section 2: Mudstone N4, moderate yellowish brown [10YR B4}
ﬁ gray (5Y 5721 and slty patchis. medwm geay (NS 1o NI st dark yallowish brown {10YR 4/71; cliystone with black
Section 3: ot {1 mm &) on the Irscture surfecy (Mn?? Fal?)
2;‘;:;?:'\ A'I"r-:‘\*:wul n oolor 1o lowet bivish Lim, S dutint F'.ﬂmﬂl‘“wﬂl Erdsbone & Bbius.
( 60 to B0 em: Grayiih gean (TOGY 5:2), color grading with ah B 15 te 20 em: Vewsdar Vi G s
meditm bluish gray (BB 51) and dusky vellowish green {10GY 342], SMEAR SLIDE SUMMARY
=, 9010 150 cm: Soveral caloss—yallowish jray (5Y 871 ciay., B i
dustky brown, dark yallowish beown (10YA 8121, light olive gray VitrieMud  Mudhitons  Claystane
N 8 q patches 118 1140 218
Core-Catcher: Dusky yellow green, dity, except top | em, which TEXTURE
ﬁ B z i continuation from above. Sand - -
£ o silt FY 15 7
Q 2 SMEAR SLIDE SUMMARY Clay 7% B 01
é ; £ TOTAL DETRITAL 100 100 00
g E : = COMPOSITION:
(A 5 i R Fldupa 0 15 7
H % Hpivy mineraki + =
e e & B B
240 2100 2112 380 puraion e S o . 4
TEXTURE Hematite + = =
RP St E %
Silt g % Is a0
B8 Clay :
- TOTAL DETRITAL 100 100 IEI:I 100 SITE 460 HOLE A CORE 8 CORED INTERVAL 65010 7456 m
COMPOSITION: " FOSSIL o
Felidspar 1o 10 10 15 =
e |ap My s = . 5 10 g = CHARACTER Zz| - glailu
Gl 60 80 B0 - = e w Q| = | GRAPHIC o
Votsanic ol 10 10 5 75 el (o= P Y sl @ Z2/6. LITHOLOGIC DESCRIPTION
1z 555 0 ol & LITHOLOGY [Z, S
ER LI EA )X D223
SITE 460 HOLE A CORE 6 CORED INTERVAL: 46.0 0 555 m - = 2 g :
FOSSIL -
CONGLOMERATE IBRECCIAI, IIRTIIIX-CI.-M"
5 |~ | CHARACTER iz AP CC (ALTERATION], ELEMENTS: ALTERED BASALTS
o._|=e Z| w Z RP| B Care. . Naw. 1, 2, 3: rn-uwmnununn reund) in
atew] la Q| & | GRAPHIC logzllo LITHOLOGIC DESCRIPTION = = o pasty malr ‘ol light olive griry mud. Feactured sncl sams iithifisd
1z |52|2|8 = = | LITHOLOGY [Za|%= 24 > 0.5 assit (angular fragments in 6 em| in dutky yellow green
ws 20|22 ul ¢ LT £ ] {5G 672) loy with large black battom 0.5 em, grayith oranga
=T |2NZ1Z (8 “ cnja=TE ) ! ] (1OYR 7/4)
- |= |O|2|= £ e e a Mo. 5: Broceia or fractursd bunult, darker than dusky biue
B ©|Z | Lod 10 green (58G 3721,
AP O C!LC&H!OLB MUD MIXED WITH SAND IDRILLING SAND?] g 7] EMEAR SLIDE SUMMARY
B u o |5 Muicidy bravmish drilling = . Clay  Clay
i 15 1o 40 om: Moderate yellowish pichon nuva /41 st ma, c CC2E  CCas
S cakcarEniss M. £ TEXTURE
8 40 to 60 em: Mixture (drling disturbance?) of sand and = g Sand = =
& | calcarnouy mudl, 1 s 10 15
| 65 10 110 em: Madirn gray [N8-5) mad. stilfer portion sujpled . Clay a0 B
| Core-Catchar: 51l mud, derk greenish gray (SGY &/1] with 2 TOTAL DETRITAL 100 100
8 lpp silty medium dark gray IN4) patches g COMPOSITION:
N SMEAR SLIDE SUMMARY 2 2,‘;‘ s ;3 1
Calcareous Mud
120
TEXTURE:
Sand -
Sl 0
Clay 0
TOTAL DETRITAL 80
COMPOSITION:
Foldipas 10
Clay 0
Carbanats unsn. 15
il 5
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CORE/SECTION

Hi®

B0-460-7-1;7,CC; 8-1; 8,CC; and 9,CC
B0-460A-7,CC; 8,CC; 9,CC; 10,CC; and 111

460-8,CC 65275-6536.5 m (76.0-85.0 m, BSF)
4B60A-9CC  EB518.0-6527.5 m (74.5-84.0 m, BSF)
460A-10,CC  6527.5-6532.0 m (B4.0.93.5 m, BSF)
460A-11-1  B537.0-6543.0 m (93.5.99.5 m, BSF)

lgneous #nd metamorphic rocks waere recovered s pebbles in sdiments
and at rubble {talus] beneath them in both Holss 460 and 4604, In the
appropriate sections, rocks are shovm as interbedded with a generalized
sedimant type |vitric mudstone or mudstone) only. The reader is reterred
to the sediment basrel sheets for more accurate information on these
secimants. The sediment description sheets also contin the depth infor-
mation for those cores.

In bath holes, seven different rock types were identitied petrographically
o in hand specimen. Most of these were varisties of basalt, but breceias
and metshasalts wera also cored. Where known, the rock typs is indicated
1o the right of the alteration column next to the vissal representations
as follaws:

B * besalt

LUl = matabasalt

CB = clinopyroxene phyric basalt (resembles High-Mg andesite of

Site 458}
H = hyaloclastits
BB = cemented basaltic breceia

There ware no paleamagnatic data obtained on any igneous/metamorphic
samples from this site,

Petrographic Summary
Descriptions are grouped by rock type, regardless of the hole or interval
Aock
- D Type
A460-3,CC, No. 2, 13-15 em: an 209 Basalt
Clinopyroxana-Phyric Basalt
Sampla 460-8-1, 148150 cm: 8 cobble with sadiments
This rock, though altered, has a surprising to the

hasalts of Site 458, basalt Unit 111, which were associated with our “high-Mg
andesites.* Aciculas clinopyroxens microlites form about 5% of the rock, A
few clinogy microp! ts al L but Yy ph
erysts are absent. Plagioclase is distinctly finer-grained occurring as needie-like
erystals in spherulitic swarls. The rock contains abundant (20°%) small {0.1-
0.3 mm), irregular vesicles. The Between the pl

is alwered to clays and reddish iron-oxides. Clays slso form thin linings in the
wesicles.

Sparsely Plagioelase-Clinopyroxens Phyric or Aphyric Basalts
ch i ; i

Samples 460-7,CC, 12-15 cm, and 460A-7,CC, 145147 cm; both cobbles
in sediments: 4B0A-B,CC, 3-6 cm and 460A-9,CC, 1213 cm; two rocks fram
the breccia of talus below sediments

The rocks are hyalopilitic, with ne more than 1% plagiaclase mierophanoerysts
and trace abund of clinapy i ysts, Thosa from Core 8,00
are coarser grained and slightly less altered than the other two samples. Acicular
plagicciase microlites between 0.1 and 0.5 mm fong comprise between 5% and
20% of the samples, Clinopyroxens accurs in the Core 8,00 samples as tiny
acicular crystels largely replaced by elay. In the other samples, clinopyroxene,
if once present, has boen totally replaced by secondary minerats, The S,CC
samples contein fairly (arge (0.01-0.03 mm) skebetsl or subsdral cubic opague
oxides, Vesicles are minor {0-5%), small (0.1-1 mm] and irreguiar or round
in shapa.

The mesostasis altered inta two distinet types of material, About
40-45% of the sections consist of pale green, pals orange, or clear clays
that are moderately birefringent and fairly crystalline. The clays
appear to hove replaced glass. The remalnder of the mesostasis
orange-red in color and faintly gent, an
of dispersed hydrous iron-oxides and clays. Relict spharulitic texture
can still be seen in these zones; these probably were clinopyroxenes
which supplicd the iron for the secondary hydrous iron-oxides,

Alrered Hyoloclastite

Samples 480A-8,CC, 35-37 em at the contact {unconformity?) with
sediments recovered in Core 8,

The sample consists of angular green altered glass fragments up 1o
5 mm in diameter, cemented in their own crushed glass matrix.
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CORE/SECTION

The extent of crystallinity of the fragp varigs bt
all are highly glassy {up to B4% glass), Thero are anly about 1%
tabuler plagiociase microphanocrysts (0.1 = 0.4 mm) and even rare
i i ysts. Both acicular plagioctase microli

(5%, 0.0-0.2 mm long) and clinopyroxens microdites {10%, 0.01-0.1
mm long] pervade the glass. Vesicles are rare (2%) and small (0.2-
0.4 mm), partially filled with clays and zeolites. Zeolites and clays
also camant the glass fragments,

Because clinopy ites are 0 . this rock does
not appear to be related to the previously deseribed hyalopilitic
plagioclase basalts, even thaugh some of the latter ware recoverad
from Core B,CC {the interval just below this sample).

Sparsely Plagioclase-Olivine-Clinopyroxens Phyric Basalt

Sample 460-8,CC, 4.7 em; from rubble or tailus zone at bottom
of Hole 460.

This is 8 hyalopilitic to spherulitic, sparsely phyric basalt with
abundant [20%] wregular vesicles. Microphenoorysts are suhedral
plagioclase (2% 0.1-0.4 mm long); clinapyroxene (trace, 0,1.0.3
mm longl and altered preudomorphs sfter euhedral olivine (0.1
0.4 mm long). The alivines are completely altared to clays and
Fe-guyhydroxides,

The groundmass consists of skeletal to acicular plagiociase [15%;
0.1-0.5 mm lang) and 120%) spharulitie elinep 2
Tha mesostasis makes up about 40% of the rock snd is altered to
clay and reddish oxyhydroxides, Clays lire the vesicles.

Quartz-Comented Altered Basit Breccin

Sample 460A-10,CC. 25-27 em; a cobble in basaltsiltstone drilling
bweceia recovered in Core 10,

The thin section consists of ane large basaltic fragment and several
simuller, angular ) by lime quartz in veins
up to 0.5 mm wide, Thess veing also contain several per cent pyrite.
Quartz is perhaps 40% of the thin section, forming crystals in the
veing (0.05 mm in diamater], It Is also present &5 a secondary mineral
in the groundmass of the basaltic fragments.

The fragments have similar textures, henoe all are picces of what
was originaily a single rock. They are aphyric, with abaut 5% acicular
plagiochase needles 0.1-0.2 mm long. The mesostasis, now gimost
entirely altered, carries clay ater
clinopyroxena, and clays plus quartzafeer glass,

Glassy Plagioclase-Clinopyroxane Phyric Basalt

Sample 4604111, 25-26 em; pebble amang metabasaits recovered
in valus or breceia at base of Hole 480A.

This was one of twao glassy samples recovered in Care 460A-11, and
of the two is least glassy, end the only one from which a thin section
was prepared. The texture is hyalopilitie. There are about 1% each of

i ysts of i and cli . Tha plagi
tends 1o be tabular and is labradarite {Angg gel in composition The
pyroxene is pale green and faintly plechrole.

The groundmass contains sbout 15% of acicular to skeletal plagio-
clase (0.1.0.4 mm long), 6% of acicular clinopyroxene (0.01-0.1 mm
Teng), and traces of opaque oxides. There appeer to be two types of
plagioclase, one acicular, the other platy and anclosing the acicular
crystals.

The glass is a rich radidish-brown color, Near vesicles, though, it
is pale yellow in color, containg few crystals, and has a sharp
boundary with the reddish brown glass. This yellow glass is faintly
biretringent becsuse of the presence of dispersed clays, It may be
a type of poorly-crystalline palagonite

Vesicles are sparse (3-5%), small (0.1-0.5 mm| and round or
Irregular in shape, All are surrounded by the yellow palagenite-like
lams.

Ouartz-A Pandcciaas Mt

Samples 4604111, 28.31 em and 460A-center bit; these are the
deepast rocks recovered in Hole 4804,

The rocks contain 50-60%, amphibole, yellowksh geeen and faintly
pleochroic, 30-40% plagioclase, much of it relict from prior subophitic
textures, and 7-10% quartz, in patches between the foldspars and
amphiboles. Traces of magnetite are present, as are traces of relict

Hinopy in the The mantling these
ralict is crudaly i ic, but folistion is sbsent,

Tha rocks originally were aphyric, but fairly cosrse-grained
basalts, In hand specimen they appear quite fresh, Vesicles, if they
wera pretant, have been by
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